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Abstract—This paper investigates the feasibility of a Google
Glass-based campus navigation system for both indoor and
outdoor areas. The Indoor Positioning System (IPS) of the
proposed system utilizes the magnetic positioning technology of
IndoorAtlas Maps™ API which depends on structure's
magnetic field fluctuations or geomagnetic fingerprints. The
outdoor navigation mechanism simply consists of a map
displayed within the Google Glass app with an augmented
routing path leading to the set destination, while the indoor
navigation interface displays a blue dot indicator of the current
position on top of the augmented map with minimum spanning
tree route. Furthermore, a data logging feature is incorporated
for logging the movements of the user through the use of QR
coded checkpoints for outdoor location monitoring and indoor-
to-outdoor navigation transitions. The proposed system was
tested in De La Salle University (DLSU) - Manila Campus,
where 30 participants (15 DLSU and 15 Non-DLSU) were
invited to utilize the proposed system navigating from an entry
point to a set destination. The proposed Google Glass-based
navigation system was found to have an average error of 1.77
meters (indoor) and around 77% of the users who utilized the
application responded with a positive feedback. However,
Google glass’ limited battery life and high cost are among the
barriers to adaptation. These results could provide empirical
evidence supporting the feasibility of Google glass-based
navigation deployment in other public areas, e.g. malls,
government buildings, hospitals, etc.

Index Terms—Geomagnetic Fingerprinting; Google Glass;
Head-up displays (HUDs); Indoor Positioning System (IPS);
Indoor Positioning; IndoorAtlas Maps™; Magnetic Positioning.

I. INTRODUCTION

Recently, wearable computers and head-up displays (HUDS)
are gaining popularity with an idea of providing computing
capability while establishing a wearable interface that helps
the user pay attention to the real world as opposed to
retreating from it [1]. Figure 1 shows the basic design of the
Google Glass which includes common components found in
a smartphone device, i.e. central processing unit (CPU),
camera, global positioning system (GPS), speakers,
microphone, etc. [2]. Among its main goals is to minimize
interaction with the hands of the user to maximize the
melding of the physical and the digital world.

Over the past few years, Google glass has seen many
applications. Google glass has clear utility in the clinical
setting, i.e. surgery [3][4], assistive device for people with
parkinson's [5], remote chest X-ray interpretation [6],
surgical education [7], vital signs monitoring [8], patient
monitoring [9], etc. Google glass also has applications in

robotics, i.e. remote control of a mobile robot [10]. The glass
has also found its way into the classroom for helping in
teachers’ management task [11] and student interaction [12].
Finally, the glass can also be applied to navigation systems
where wearable device was perceived to be more accurate
[13].

How Google GLAss works

The main function
Prism is based on a
= mini projector

_.--Retina

Projector

Figure 1: Basic design of Google Glass [2]

In general, Google glass-based navigation systems are more
commonly applied outdoors, as demoed for activities like
walking, biking, and driving [14]. However, in this study, we
also integrate indoor navigation where the technical
challenge involves signal scattering, non-line-of-sight
conditions, high attenuation and physical obstructions. Figure
2 shows the conceptual diagram of the campus navigation
system which features the campus map of DLSU at the
bottom, in which, the person wearing the Google Glass
standing on the map wishes to go to Lambda building (the
position with the star marker as seen on the map). In the
proposed system, the user should first choose their desired
location on the Google Glass before the glass displays the
navigation routes to help the person reach the destination.

Figure 2: Conceptual Diagram of the Google Glass-based Campus
Navigation System
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When the user is traveling outdoors, the glass will display
an outdoor routing path leading the person to the destination
building. Various checkpoints in the form of QR code posters
are also spread along the outdoor path to aid in monitoring
and indoor/outdoor transitions. When the user has entered the
target building, proposed system will display an indoor
routing path leading to the room of choice, along with a blue
dot indicating the current location of the user.

Il. THEORETICAL CONSIDERATION

A. Indoor Positioning System

A positioning system is a mechanism that helps determine
the location of a specific object in space [15]. It utilizes
signals such as WiFi, Bluetooth [16], GPS signals [17] and/or
geomagnetic signals [18] in order to get the location of the
user. Several devices are provided with these sensors so that
they are able to detect these parameters. Since GPS is
generally not effective for indoor use, IPS mainly uses either
WiFi, Bluetooth [16] or geomagnetic fields [19] for indoor
positioning. IndoorAtlas is an indoor positioning system that
uses geo-magnetic technology [19]. It is an existing and
commercialized mobile application which utilizes built-in
magnetic sensor of the smartphone to measure the magnetic
field inside a building. The geomagnetic fingerprints allow
the IndoorAtlas application to detect which area or which
floor the device is in.

B. Image Processing: QR Code

Quick Response (QR) codes are two-dimensional images
that can perform multiple services (e.g. be redirected to a
website, access information at high speed, access multimedia
such as videos or images or personal contact information)
once they are scanned by a device with a camera and image
processing capabilities [20]. The QR code can contain several
chunks of information and data can be extracted when
scanned by a device [21].

As shown in Figure 3, we made use of the QR codes as
checkpoints for the different campus entrance/exit areas that
have low to no internet connectivity. Another reason for the
implementation of the QR code is that the physical location
of the testing site; which is in the middle of a dense urban
environment with multiple tall buildings where it would be
extremely difficult to acquire GPS data with pinpoint
accuracy. For the Google Glass to be able to scan QR codes,
the Zebra Crossing (ZXing) API [22] was utilized.

Figure 3: Sample QR code placed at Bldg. Lambda Entrance

C. Likert Scale

The Likert Scale concept was utilized to evaluate the
participant feedback form in testing the efficiency of the
application. This scale is commonly used for questionnaires,
especially for survey researches. The respondents answering
this type of questionnaire would have to specify their rate or
level of agreement to a question or statement in the

questionnaire. The most common Likert-scale is the five-
point Likert item. Five ordered response levels are usually
used for Likert items. This includes item choices such as the
following: Strongly disagree, Disagree, Neither agree nor
disagree, Agree and Strongly Agree [23].

D. Google Glass

The Google Glass is a device that attempts to put the
functionality of a smartphone into a pair of glasses and
project its contents into a glass display directly into the user’s
field of vision within a single eye. In this study, the Google
Glass was chosen as the application’s platform because of its
minimal heads-up display, lightweight, and its efficient
portrayal of information [24]. The Google Glass can also
display visual information similar a typical handheld
smartphone [25]. Table 1 tabulates the specification of the
Google glass utilized in this study.

Table 1
Google Glass Specifications

Specifications

Camera 5-megapixel camera, capable of 720p video recording
Storage 16 GB memory with Google cloud storage
Connectivity ~ Bluetooth and WiFi
Battery 570mAn lithium-polymer battery
Charger Micro USB and charger (outlet or PC charging)
Processor Texas Instruments OMAP 4430 SoC 1.2GHz Dual
(ARMVT)
Compatibility ~ Android 4.0.3 (Ice Cream Sandwich or higher)
Motion Process Library (MPL) Accelerometer
MPL Gyroscope
MPL Magnetic Field
MPL Orientation
MPL Rotation Vector
MPL Linear Acceleration
Sensors MPL Gravity

LTR-506ALS Light Sensor
Rotation Vector Sensor
Gravity Sensor

Linear Acceleration Sensor
Orientation Sensor
Corrected Gyroscope Sensor

I11. DESIGN CONSIDERATIONS

A. Block Diagrams

Figure 4 shows the design process of the proposed campus
navigation system. The process starts with creation of the
indoor and outdoor maps. Then, coding the indoor and
outdoor map display simultaneously and creating a QR code
for logging purposes. Finally, the indoor maps were utilized
for positioning and input routing.

I CREATE INDOOR AND OUTDOOR MAP I

¥ Y
I INDOOR MAP DISPLAY I I OUTDOOR MAP DISPLAY I

l

I QR RESPONSE CODE I

I

LOGGING l

l INDOOR POSITIONING SYSTEM l I

¥

| INDOOR AND OUTDOOR ROUTING I

Figure 4: Design Process Flow Chart
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Figure 5 displays the overall block diagram of the
proposed system. From the magnetometer and location
sensors of the Android-powered smartphone, the data were
sent to the IndoorAtlas APl and Google Maps API,
respectively, for precise indoor geo-location. The
IndoorAtlas API produced the indoor positioning data, while
the Google Maps API produced the geo-location data. These
data, which are considered map identifiers, each have unique
Identification codes pulled from the IndoorAtlas and the
Google Maps servers and were fed into the user positioning
algorithm. The Google Glass camera took images of the QR
codes and these were processed using the ZXing QR Code
Scanner API. The desired endpoint was obtained through
user input by using the Google Glass GUI. The resulting data
of the Positioning Algorithm, QR Algorithm and Desired End
Point were inputted to the Routing Algorithm for the
computation of the routing path from starting point to
destination. Finally, the computed Routing Path as well as the
current position of the user were displayed on the maps that
were fed to the Google Glass display.

MAGNETOMETER
SEN=DRE H INDOOR ATLAS API

LOCALIZATION

ALGORITHM MAP DISPLAY

LOCATION
SENSORS

H GOOGLE MAPS API

ZXING QR ‘
CAMERA H AR H QR ALGORITHM [ ‘

INDOOR ATLAS
POSITIONING DATA ‘

NAVIGATION
ALGORITHM

)

DESIRED END
POINT

Ll

Figure 5: Overall System Block Diagram

B. Graphical User Interface (GUI) and System Design

The GUI of the Google Glass was displayed for the user to
be able to input data, such as the desired locations, or to be
able to scan the QR codes. Figure6 shows the User-System
Swim Lane diagram of the proposed system. The developed
Google Glass application initially displays a menu after the
user has initialized interaction by tapping the touchpad of the
Glass. The Main Menu contains two options: Display Map
and Navigate. The Display Map option displays only the map
of user’s current location. The Navigate option opens a
directory where the user must select their intended
destination. The navigation directory is a list of buildings and
areas of the campus where the users could choose from. Once
the user has inputted their preference, the system prompts for
a QR code scan. After the QR code is scanned, data is then
logged and the user is informed of their current location, and
their intended location. The QR code helps the system
identify the initial location of the user. After the user has
scanned the nearest QR code, the system begins computing
the routing path using the navigation algorithm. After the
routing path has been computed, the Outdoor segment of the
navigation is displayed on the Google Glass. When the user
has reached the intended building, the application will then
prompt another QR code scan to transition into the Indoor
portion of the navigation. The scanned QR data is then logged
into the Google Glass. When the user has reached their final
destination, they will return to the main menu and will be able
to select a new destination if desired.

User

Main Menu

System

Main Menu options,
switch case display,
wait for user input

¥

show navigation
directories

Pick

» prompt for gr scan

—

scan qr
(calibration purposes
of attitude, etc)

navigation algorithm
(outdoor)

System log

¥
Draw path towards
building of requested
destination

dizplay map and path
towards building

»{ prompt for gr scan

scan qr
(calibration purposes
of atitude, etc)

navigation algerithm
(indoor)

i

Draw path towards

‘ System log SR

display map and path
towards requested
destination

Terminate all and
return to main

END

Figure 6: Proposed User System Swim Lane Diagram

C. Layout of the Buildings

Each floor plans were converted into digital files. These
converted floor plans were intended to be an accurate
representation of the real life location; scaling are based on
the blueprints provided by the DLSU Office of the Associate
Vice Chancellor for Facilities Management. The scale is 1
meter is to 15 pixels to be able to represent the size of the
building correctly when resized in the IndoorAtlas cloud
server.

CLA ADMIN ACCOUNTANCY DEPT

COB ADMIN

MANAGEMENT AND ORGA

Figure 7: Sample digitized floor plan

Each layer and color of the floor plan represented a layer
that differentiated the walls, doors, rooms and walkable path.
Each floor plan consists of 7 layers as seen in Figure 7: out of
bounds, walkable path, rooms, stairs, walls, doors, and the
room name. The digitized map must be able to match the
physical location of the area, if the creation of the digital map
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to reflect the physical location was not as close as possible, it
could potentially result in the whole system being inaccurate.

D. Indoor Positioning: IndoorAtlas

The Indoor Positioning module was comprised of two
submodules: the IndoorAtlas Application, and the Routing
Application which was developed by the group. Since the
IndoorAtlas Application only goes as far as to provide
assistance for indoor positioning and geomagnetic
fingerprinting for its clients, the group has further developed
an application to incorporate routing with the aid of the
IndoorAtlas application by using the recorded geomagnetic
fingerprint data stored in the IndoorAtlas cloud server under
the account of the group. Each floor was magnetically
mapped by the group, attempting to encompass all the
walkable areas in the magnetic mapping, in order to be able
to send as much data as possible to the IndoorAtlas cloud
Servers.

According to the step-by-step guide of the IndoorAtlas
application manual, in setting up Indoor Atlas, pre-made
architectural floor plans should be available since it is a major
part in the use of the application. When the application was
booted up, it would have asked for login credentials. Once
signed in, the group was greeted with an interface similar to
Google Maps since IndoorAtlas makes use of the Google
Map Application Programming Interface (API). In this case,
the group has located and focused on the area where De La
Salle University is located geographically. The map of the
area as seen in the IndoorAtlas application with the aid of the
Google Maps APl is shown in Figure 8

Figure 8: Google Maps of the De La Salle University campus as viewed
from IndoorAtlas Application

IVV. METHODOLOGY

A. Precision Testing

The first testing assesses the accuracy of the indoor
navigation of the Google Glass application around the
campus. In order for the group to gain an accurate estimation
of error discrepancies, the group performed five runs on
selected floors of each building. On each floor checkpoints
were marked beforehand with a minimum of 2 checkpoints
depending on the size of the floor plan. These checkpoints
would serve as a guide for each run. Once a run is
commenced, the tester must reach the checkpoint and then
compare and check if the marked checkpoint was also
reached by the blue dot indicator in the Google Glass
application. The tester would then take a screenshot of the
current position shown in the Google Glass application and
then move on to the next checkpoint and follow the same
procedure until the last checkpoint is reached. Once the five
runs on the current floor have been achieved, the tester would

move to the next floor and repeat the same procedures
previously mentioned. These checkpoints are placed near
pillars and at the center of intersections in order to reduce the
errors due to the techniques used in the creation of the maps.
In this trial, six (6) check points were used as reference points
for data. Screenshots were taken every time the user was at a
designated checkpoint in the real world. the steps taken in
order to evaluate and compare data for the precision plot are
the following: each screenshot was collated and was overlain
in order to display the gathered data in one screenshot;
checkpoints are then marked on the overlain map; the pixel-
to-meter ratio is then measured using tools physically and
digitally; the distance between the center of the blue dot
(digital representation of current location of the user) and the
center of the checkpoint is then measured using geometry;
calculate the error using Eq. 1; finally, the values calculated
from step 5 will then be input into a table and then averaged
in order to get more informative data. In this example, there
were a total of five (5) data gathering runs conducted. The
resulting image is seen on Figure 9. Some possible reasons
for error discrepancies in the application might be due to
various magnetic deviations in the data of IndoorAtlas.

Actual(meters) T

Display(pizel) - Displayed Error(pixel) (1)

B. Feedback from Test Participants

The second testing involved 15 DLSU participants and 15
non-DLSU participants who helped test the usability of the
navigation of the Google Glass application. Each participant
was asked to navigate two different areas. After the
navigation process, the participants were asked to complete a
feedback form regarding their experience with the Google
Glass App whether the tool helped them locate the desired
destination or not. The feedback form also asked for personal
comments regarding the comfort and ease-of-use of the
Google Glass. Feedback questions were included to
determine responses and comments of the participants with
regards to the application. The feedback questions were
designed to follow the Likert-type ratings which include
response choice ratings such as 1 for Strongly Disagree, 2 for
Disagree, 3 for Neutral, 4 for Agree and 5 for Strongly Agree.
To plot and analyze the results of the Likert-type feedback
form, the group used the Diverging Stacked Bar Chart.
According to published paper Plotting Likert and Other
Rating Scales [21], the diverging stacked bar chart is the
recommended method for presenting rated scale results.

X202 | X204 X206 X208 X210 @ X212

=

==

X201 | X203 | X205 X207 = X209 X211

Figure 9: Distance between center of blue dot and reference point marked
V. DATA AND RESULTS
A. System Battery Usage Results

As shown in Figure 10, indoor and outdoor usage (with
different resources) has slightly different effect on the battery
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span of the Google Glass. The blue plot displays the battery
drain graph of the Google Glass when it was displaying the
outdoor map, while the orange plot displays the battery drain
graph of the Google Glass when it was displaying the indoor
map. The battery of the Google Glass drained faster when
navigating indoors since it uses more functionality such as
internet connectivity, built-in sensors, among others. This
usage characterization also shows that the Google Glass
battery is easily drained and must be used sparingly in regards
to navigation. The outdoor map displays averages of 1%
battery drain per minute while the indoor map averages a 2%
battery drain per minute.

120%
100%
100%99%
80%

60%

Battery Level

40%

20%

Time Difference (min)

—e— Outdoor —e—Indoor

Figure 10: Proposed Google Glass Based Campus Navigation
Application Battery Usage

B. Precision Test Results

Figure 11 displays an example of the checkpoints of a floor
in the Xi building. Each building that was tested had similar
checkpoints along the halls of each floor that was mapped.

X202 | X204 X206 | X208 X210 | X212

X201 | X203 | X205 X207 X209 X211

Figure 11: Sample Checkpoints for Precision evaluation (Xi Second Floor
Checkpoints)

Table 2 represents the precision test results of various
buildings in the campus. The error discrepancy of the
application versus the physical world was measured five
times per checkpoint.

Table 2
Precision Test Data

Bldg.
Code

Floor
No.

Checkpoint

Average error

(m)

Ave. Error per Bldg.

(m)

0.85
0.6
1.17
1.76

Delta

1.59
3.54
1.78
2.18
2.13
1.32
1.67
1.08
2.52
2.71

2.05

Heta

3.18
0.95
1.83

1.99

lota

2.19
1.67
2.78
1.52
151

1.93

Lambda

2.15
2.3
1.56
254
1.13
1.41
1.84
1.56
1.82

1.64
151
1.62
2.14
2.03
2.55
2.23

1.96

Omicron

2
2.45
0.93

1.79

Bldg. Floor

Code No. Checkpoint

(m) (m)

Average error  Ave. Error per Bldg.

1.39
2.01
1.52
0.62
3.17
1.92

Alpha

Rho

0.99
1.46
1.49
1.95
151
1.81

2.2
1.26
0.97
1.26
2.77

0.82
1.05
0.7
1.05

Beta 1 1.00

B W N PRFPIWONEFE WDNPRE

Theta

2.32
1.43
1.07

Xi

P N RP[WON PO OB WNDE OB WONDRPRIOWNDER(EARWONMNEWOWODNDPRPRPIORD WDNEDD™SWODNDPRPORWODNDERPRIWUDNDPRIODMWDNDEREROODWDNDREAWDNPRE

1.42
3.89
1.64

1.88
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Bldg. Floor
Code No.

Average error  Ave. Error per Bldg.

Checkpoint m) (m)

1.13
157
1.92
1.53
1.96

1.16
294
3.28
2.89
3.08
1.28
1.83
213
0.67
10 1.24
11 112
1 2.29
2 1.37
2 3 1.55
4 1.26
5 1.34

Zeta

© 0O N O O B~ WNRFPO OB~ WD

Overall Error 1.77m

Since the system relies heavily on internet connection, it is
important to note that the number of users of the readily
available campus Wi-Fi affects how much data could be
retrieved. Mobile data can be used if Wi-Fi is not available or
is performing poorly. Figure 12 shows the error rate of the
Wi-Fi and mobile data connections during the test run. The
positioning error rate varies from less than 1 meter up to 7
meters depending on the Wi-Fi and mobile data connectivity.
According to these results, for the device to have an accurate
indoor positioning, it should have a reliable internet
connection of at least 200 kbps. 5 meters is the maximum
acceptable error for when the blue dot indicator deviates from
the real location, the system yielded 98% accuracy (49 out of
50 test runs each) when used with either Wi-Fi or mobile data
connection. The overall average error in meters that the
proposed system yielded is 1.77m (Table 2).

[ Acceptable range - Sm and below

Figure 12: Test run with WiFi vs. Mobile data connectivity error rate

C. Sample Test Run

Figure 13 shows the test run navigation of a group member
who wished to travel to Xi building room 204. These images
were taken from the feeds of the Google Glass as displayed
on the prism. The first two side-by-side images show the
group member, Kevin, wearing the Google Glass, and the
main menu of the application. The third image shows the
chosen location of the user. The fourth image shows the
initial QR code scanning of the user from his starting point
(North Gate) for the outdoor navigation which the user has

scanned using the Google Glass. The fifth image shows the
outdoor navigational blue path leading to Xi building. After
following the outdoor navigation, the user then scanned the
indoor QR code for the Xi Building as seen on the sixth
image. After the user entered the building, the Google Glass
sensors immediately picked up the geomagnetic fingerprint
of the indoor environment and displayed the closest match
(pulled from the IndoorAtlas cloud server) which was the 1st
floor of Xi building. The blue dot is the indoor positioning
indicator of the user; then, as seen on the seventh image, the
user was asked to follow the blue line which lead to the
staircase. Upon reaching the second floor, as seen on the eight
image, the Google Glass once again read, compared and
displayed the closest geomagnetic fingerprint match to the
IndoorAtlas cloud server and pulled out the 2nd floor of Xi
building. A path is again displayed for the user to follow
leading to the chosen destination which is X204. Upon
reaching the destination, the application terminates by going
back to the main menu.

D. Feedback Form Results

Figure 14 and 15 display the summary of the feedback
forms. Using a Likert-type rating, the group analyzed the
feedback data of the respondents using a diverging bar chart
graphical representation. The questions at the leftmost side
refer to the questions on the feedback forms answered by the
participants. The legends of the charts can be seen at the
bottom of the figures. The broken gray line at the middle of
the charts aim to divide the more positive answers (blue bars)
from the more negative answers (red bars). The humbers in
black above each bar refer to the specific number of
participants (out of 15 for each set) who have answered that
particular option. All in all, as seen in both figures 14 and 15,
majority of the respondents gave a more positive feedback
regarding the overall usage of the campus navigation
integrated in the Google Glass.

X202| X204 X206 X208 (X210 & X212

X201 | X203 X205 X207 | x209 X211

X213

Figure 13: Test Run Navigation to X204 as seen on the Google Glass
Display
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Figure 15: Non-DLSU Feedback Form Summary

VI. CONCLUSION

In this paper, we explored the feasibility of utilizing Google
Glass for aiding new students, professors, personnel and
visitors in indoor/outdoor campus navigation. The proposed
system incurs an average error of about 1.77 m (indoor)
which is acceptable for the problem of locating unknown
offices or rooms within the campus. The proposed application
utilizes the IndoorAtlas API which detects the indoor location
and altitude levels of the user by using sensors to read the
geomagnetic fingerprints of the area. The precision test of the
system yielded a 98% accuracy (with 49 out of 50 test runs)
when utilized with either WiFi or mobile data connection.
Finally, for the participants who were invited to test the
functionality of the system, 77% of the DLSU respondents
and 79% of the non-DLSU respondents gave a more positive
feedback.

Future research includes the investigation of optimal path
considering not only the distance but also some external
factors such as student room-to-room rush hour, real-time
student traffic or the presence of unpleasant weather
conditions. Furthermore, a fully automatic outdoor-to-indoor
(vice versa) transition mechanism, instead of relying on QR
code should be explored..
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